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A B S T R A C T

Purpose:
Our goal was to evaluate use and associated costs of radiation therapy (RT) in the last month of
life among those dying of cancer.

Methods:
We used the Surveillance, Epidemiology, and End Results (SEER) -Medicare linked databases to
analyze claims data for 202,299 patients dying as a result of lung, breast, prostate, colorectal, and
pancreas cancers from 2000 to 2007. Logistic regression modeling was used to conduct adjusted
analyses of potential impacts of demographic, health services, and treatment-related variables on
receipt of RT and treatment with greater than 10 days of RT. Costs were calculated in 2009 dollars.

Results:
Among the 15,287 patients (7.6%) who received RT in the last month of life, its use was
associated with nonclinical factors such as race, gender, income, and hospice care. Of these
patients, 2,721 (17.8%) received more than 10 days of treatment. Nonclinical factors that were
associated with greater likelihood of receiving more than 10 days of RT in the last 30 days of life
included: non-Hispanic white race, no receipt of hospice care, and treatment in a freestanding,
versus a hospital-associated facility. Hospice care was associated with 32% decrease in total
costs of care in the last month of life among those receiving RT.

Conclusion:
Although utilization of RT overall was low, almost one in five of patients who received RT in their
final 30 days of life spent more than 10 of those days receiving treatment. More research is
needed into physician decision making regarding use of RT for patients with end-stage cancer.

J Clin Oncol 31:80-87. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Investigators have identified quality of care indica-
tors for cancer care at the end of life1,2 and reported
that overly aggressive cancer treatment at the end of
life may be an indicator of poor-quality care.3 These
analyses have documented patterns of increasingly
aggressive cancer care at the end of life since the
mid-1990s.2,4 However, none of these studies specif-
ically addressed quality of care indicators with re-
spect to the use of radiotherapy. In fact, few data
exist regarding use of radiotherapy at the end of life.

Radiotherapy can be an effective tool for palli-
ation of symptoms arising from cancer, such as pain
from bone metastases or neurologic compromise
from brain or spinal metastases. Some investigators
have reported that there may be an underuse of
radiotherapy for palliation.5 However, radiotherapy
can be delivered via various dosing regimens (eg,

single fraction on one day versus multiple weeks),
and investigators in Germany have reported that
when radiotherapy is used at the end of life, half of
patients spent more than 60% of their final 30 days
undergoing radiation treatment.6 Multiple studies
have shown that shorter courses of radiotherapy are
as effective as longer courses in palliating a variety
of symptoms.7-10

The purpose of this study was to ascertain the
proportion of patients who received radiotherapy in
the last 30 days of life among Medicare beneficiaries
who died as a result of the top five cancer causes of
death between 2000 and 2007. We also sought to
examine the influence of sociodemographic factors
and health services characteristics associated with
the use of radiotherapy at the end of life. We evalu-
ated the duration of radiation therapy use, defined
by the number of radiation treatment days, in the
last 30 days of life, as well as costs.
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METHODS

Data Source and Study Cohort Definition

We conducted this analysis using the Surveillance, Epidemiology, and
End Results (SEER) -Medicare linked database, which links Medicare claims
files with patients in the tumor registries in the SEER regions. The SEER
program (a National Cancer Institute–supported database) includes tumor
registries in 17 geographic areas covering approximately 25% of the US pop-
ulation.11 The Medicare program provides payments for hospital, physician,
and outpatient medical services for 97% of US citizens who are � 65 years of
age.12,13 We used all available Medicare claims files to identify treatments and
costs for patients in the linked SEER registries. All data were deidentified such
that no protected health information could be linked to individual patients,
and the University of Texas MD Anderson Cancer Center’s institutional re-
view board exempted this study.

The study cohort consisted of 202,299 patients � 65 years of age who
died as a result of lung, breast, prostate, colorectal, and pancreas cancers
between January 1, 2000, and December 31, 2007. These cancers were chosen
because they accounted for the top five most common causes of cancer deaths
and comprised almost 60% of cancer deaths in 2010.14 We initially identified
363,160 patients with these causes of death using the SEER cause of death
recorded variable, which is based on the International Classification of Dis-
eases ninth and 10th revision (ICD-9 and ICD-10) codes 153.XX, 154.0, 154.1,
154.8, C18-20 (colorectal); 174.XX, C50 (breast); 162.2 to 162.5, 162.8, 162.9,
C34.0-C34.3, C34.8, C34.9 (lung); 157.XX, C25 (pancreas); and 185.XX, C61
(prostate). We excluded: 37,310 patients without pathologic confirmation of
cancer, 10,839 patients whose cancer was diagnosed at death or autopsy, and
27,575 whose death occurred before age 65. We also excluded 85,137 patients
who were not continuously enrolled in Medicare Part A and B, were enrolled
with an HMO, or who had no claims data in their Medicare claims file during
the 6 months before and throughout the study time period of interest, which
was the final 30 days of life.

Dependent Variables

Radiotherapy use was identified using Current Procedural Terminology
(CPT) codes 77400 to 77416, 77418, G0174, 0197T, and 77371 to 77373. We
estimated the number of radiation treatment days by counting the number of
days with one or more claims indicative of the receipt of radiotherapy. We
quantified the duration of radiotherapy as a categorical variable to reflect
recommended dosing regimens for palliative radiotherapy.10,15,16 Costs of
care were calculated from a payer’s perspective (total amount reimbursed by
Medicare) and included all costs incurred in the 30-day window before death.
Costs were normalized to the 2009 dollar by using the Hospital Input Price
Index17 for Medicare Part A (inpatient services) and the Medicare Economic

Table 1. Univariate Analysis of Receipt of Radiation Therapy in the Last
30 Days of Life According to Sociodemographic, Disease, and Health

Services Characteristics

Characteristic No. % Treated With RT P

Entire cohort 202,299 7.6
Year of death

2000 18,700 8.1 � .001
2001 22,664 8.5
2002 25,212 8.1
2003 26,978 7.7
2004 27,320 7.6
2005 27,962 7.0
2006 27,261 7.0
2007 26,202 6.9

Age at death, years
65-69 33,050 10.4 � .001
70-74 43,084 9.2
75-79 48,612 8.2
� 80 77,553 5.1

Sex
Male 104,053 8.3 � .001
Female 98,246 6.8

Race/ethnicity
Non-Hispanic white 167,126 7.7 � .001
Non-Hispanic black 18,462 6.2
Hispanic 8073 7.3
Other 8638 7.4

Marital status
Married 103,573 8.4 � .001
Unmarried 89,644 6.8
Unknown 9082 6.5

Cause of cancer death (tumor type)
Breast 20,681 5.8 � .001
Colorectal 39,377 2.4
Lung 103,421 11.2
Pancreas 19,081 2.3
Prostate 19,739 5.4

Comorbidity index
0 77,813 7.9 � .001
1 52,918 8.1
� 2 46,346 7.5
Unknown 25,222 5.5

SEER registry region
West/Hawaii 83,460 7.4 � .001
Northeast 44,318 7.2
Midwest 37,611 7.0
South 36,910 8.8

Urban versus rural residence
Urban 182,253 7.6 .677
Rural 20,026 7.4

Median income in census tract
Lowest quartile 43,245 7.8 � .001
Second quartile 43,210 8.0
Third quartile 43,263 8.0
Highest quartile 43,323 8.1
Unknown 29,258 5.1

Education level of census tract–%
with �12 years of education

First quartile (highest level) 48,090 7.3 .0067
Second quartile 48,012 7.6
Third quartile 47,991 7.7
Fourth quartile 47,768 7.8
Unknown 10,438 7.1

(continued in next column)

Table 1. Univariate Analysis of Receipt of Radiation Therapy in the Last
30 Days of Life According to Sociodemographic, Disease, and Health

Services Characteristics (continued)

Characteristic No. % Treated With RT P

No. of radiation oncologists in HSA/
population of HSA �

Lowest quartile (lowest density) 12,156 7.2 � .001
Second quartile 12,882 8.3
Third quartile 61,032 8.0
Highest quartile (highest density) 116,209 7.3
Unknown 20 5.0

Hospice
Yes 118,807 6.1 � .001
No 83,492 9.6

�Quartile in this category refers to the distribution of the density of providers
not the proportion of patients.

Abbreviations: HSA, health service area; RT, radiation therapy.
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Index18 for Medicare Part B (outpatient services). Costs were also adjusted for
geographic variation by using the geographic adjustment factor for Part A
claims and the geographic practice index for Part B claims.

Independent Variables

Independent variables in our analyses included year of death (2000-
2007), age at death, sex, race/ethnicity, cancer type, marital status, SEER
geographic region, and urban versus rural residence. We linked the SEER-
Medicare database to the Area Resource File19 via state and county codes to
ascertain the number of radiation oncologists (per 100,000) practicing within
each patient’s health service area. Neighborhood education and income vari-
ables were measured at the census tract level (categorized in quartiles). Comor-
bidity was constructed by using Klabunde’s algorithm; this algorithm
calculates a modified Charlson comorbidity score20 on the basis of inpa-
tient and outpatient claims within a 12-month window before cancer
diagnosis.21-23 Because cancer diagnoses occurred many years antecedent to
death for some patients, those with missing data were designated Charlson
status “unknown” to avoid excluding a large number of patients from the
analysis, which may limit interpretation of this variable. Hospice care was
identified as any hospice admission and/or service date in the hospice claims
file during the last 30 days of life.

We limited analyses of the duration of radiotherapy to the subset of
patients who received radiotherapy at the end of life. In addition to the
independent variables above, we added type of radiotherapy facility to these
analyses because reimbursement for providers can be higher in freestanding
facilities compared with hospital-associated centers, as providers in freestand-
ing facilities can potentially receive both technical and professional fees for
services provided. Using an algorithm developed by other investigators,24 we
considered that patients had their radiotherapy at a hospital-associated facility
if their claims for radiotherapy were only present in the outpatient claims files.
Those whose radiotherapy claims were present in the carrier claims file were
considered to have had their treatments in a freestanding facility.

Statistical Analyses

Statistical analyses were conducted with the SAS Systems software for
Windows (Version 9.2) and STATA (version 12.0). The unadjusted associa-
tion of each potential explanatory variable with the outcome of radiation
treatment in the last 30 days of life was assessed with �2 tests for binary and
categorical variables. We performed a Cochran-Armitage test for trend to
assess change in the proportion of patients who received radiotherapy in the
last 30 days of life from 2000 to 2007. Logistic regression models were used to
examine the independent association between each explanatory variable and
the use of radiotherapy as well as the intensity of radiotherapy use. Final results
are presented as odds ratios with 95% confidence intervals. Cost data were
analyzed with the extended estimating equations method.25

RESULTS

Receipt of Radiation Therapy in the Last 30 Days

of Life

Of the 202,299 patients included in this study, 15,287 (7.6%)
received radiotherapy in the last 30 days of life. Characteristics of the

Table 2. Multivariate Results of Receipt of Any RT in the Last
30 Days of Life

Variable Adjusted OR 95% CI P

Year of death
2000 1.00
2001 1.00 0.93 to 1.08 .9332
2002 0.97 0.90 to 1.04 .3371
2003 0.91 0.85 to 0.98 .0119
2004 0.90 0.84 to 0.97 .0039
2005 0.83 0.78 to 0.90 � .001
2006 0.85 0.79 to 0.91 � .001
2007 0.84 0.78 to 0.90 � .001

Age, years
65-69 1.00
70-74 0.87 0.83 to 0.91 � .001
75-79 0.79 0.75 to 0.83 � .001
� 80 0.56 0.54 to 0.59 � .001

Sex
Female 1.00
Male 1.12 1.08 to 1.16 � .001

Race/ethnicity
Non-Hispanic white 1.30 1.21 to 1.39 � .001
Non-Hispanic black 1.00
Hispanic 1.32 1.18 to 1.47 � .001
Other 1.17 1.05 to 1.30 .0042

Marital status
Married 1.00
Unmarried 0.87 0.84 to 0.91 � .001
Unknown 0.79 0.73 to 0.87 � .001

Cancer type
Breast 0.63 0.59 to 0.67 � .001
Colorectal 0.22 0.21 to 0.24 � .001
Lung 1.00
Pancreas 0.20 0.18 to 0.22 � .001
Prostate 0.54 0.51 to 0.59 � .001

Comorbidity score
0 1.00
1 0.89 0.85 to 0.92 � .001
� 2 0.80 0.76 to 0.84 � .001
Unknown 0.67 0.63 to 0.71 � .001

SEER region
Midwest 1.00
Northeast 0.90 0.85 to 0.95 � .001
South 1.10 1.04 to 1.17 � .001
West/Hawaii 0.95 0.90 to 1.00 .0394

Urban versus rural residence
Rural 1.00
Urban 1.17 1.09 to 1.25 � .001

Median income in census tract
Lowest quartile 1.00
Second quartile 1.03 0.98 to 1.09 .2309
Third quartile 1.06 1.00 to 1.12 .0461
Highest quartile 1.12 1.06 to 1.18 � .0002
Unknown 0.83 0.77 to 0.89 � .001

No. of radiation oncologists in
HSA/population of HSA

Lowest quartile (lowest density) 1.00
Second quartile 1.01 0.91 to 1.11 .9075
Third quartile 1.11 1.02 to 1.21 .0133
Highest quartile (highest

density) 1.03 0.95 to 1.12 .4730
(continued in next column)

Table 2. Multivariate Results of Receipt of Any RT in the Last
30 Days of Life (continued)

Variable Adjusted OR 95% CI P

Hospice
No 1.00
Yes 0.64 0.62 to 0.67 � .001

NOTE. Independent variables were included in a stepwise model with
criteria of P � .05 for significance for entrance into the model. Educational
level did not reach significance in the adjusted model and thus is not
shown here.

Abbreviations: HSA, health service area; OR, odds ratio; RT, radiation therapy.
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Table 3. Univariate Analysis of Length of Treatment Course in Last 30 Days of Life

% With RT Course of Specified Duration

Characteristic No. 1 Day 2-5 Days 6-10 Days � 11 Days P

Total 15,287 9.5 36.8 35.9 17.8
Year of death

2000-2003 7,555 9.3 36.1 36.2 18.5 .074
2004-2007 7,732 9.8 37.5 35.6 17.2

Age at death, years
65-69 3,430 9.2 36.2 36.9 17.7 .466
70-74 3,981 9.3 37.1 36.3 17.3
75-79 3,963 9.3 36.5 35.8 18.5
� 80 3,913 10.4 37.2 34.7 17.8

Sex
Male 8,642 9.6 36.6 35.9 18.0 .903
Female 6,645 9.5 37.1 35.9 17.6

Race/ethnicity
Non-Hispanic white 12,926 9.4 36.4 36.3 18.0 .135
Non-Hispanic black 1,135 10.8 40.1 33.3 15.9
Hispanic 589 10.5 38.4 34.3 16.8
Other 637 10.1 37.4 34.9 17.7

Marital status
Married 8,647 9.5 36.2 36.2 18.1 .720
Unmarried 6,054 9.5 37.6 35.4 17.5
Unknown 586 9.7 37.0 36.0 17.2

Cancer type/cause of death
Breast 1,206 12.1 36.7 36.7 14.6 � .001
Colorectal 960 9.2 32.2 35.3 23.3
Lung 11,609 9.0 37.0 36.0 18.0
Pancreas 447 10.7 39.4 29.5 20.4
Prostate 1,065 12.0 37.8 36.8 13.3

Comorbidity score
0 6,148 8.9 36.4 36.6 18.2 � .001
1 4,310 9.5 35.7 36.2 18.7
� 2 3,453 9.7 39.1 34.2 17.1
Unknown 1,376 12.1 36.1 36.6 15.3

SEER region
West/Hawaii 6,199 9.7 36.2 35.4 18.8 .039
Midwest 2,632 8.8 36.3 36.7 18.3
Northeast 3,202 9.8 38.0 36.5 15.7
South 3,254 9.6 37.2 35.6 17.7

Urban/rural residence
Urban 13,800 9.5 37.0 35.8 17.7 .458
Rural 1,486 9.7 34.5 37.2 18.7

Neighborhood income
Lowest quartile 3,365 9.1 37.8 35.1 18.0 .055
Second quartile 3,458 9.5 36.4 35.7 18.3
Third quartile 3,473 9.2 36.0 35.8 19.1
Highest quartile 3,488 9.6 36.4 37.1 16.9
Unknown 1,503 11.2 37.9 35.5 15.4

Neighborhood % � 12 years education
Lowest quartile 3,486 9.5 37.1 36.8 16.7 .798
Second quartile 3,660 10.0 35.8 36.1 18.2
Third quartile 3,701 9.3 37.2 35.2 18.3
Highest quartile 3,700 9.4 37.2 35.5 17.9
Unknown 740 9.5 35.4 37.0 18.1

Radiation oncologist density
Lowest quartile 880 8.2 36.8 35.7 19.3 .658
Second quartile 1,065 9.6 34.5 37.8 18.2
Third quartile 4,878 9.3 37.4 35.4 17.9
Highest quartile 8,463 9.8 36.7 36.0 17.6

(continued on following page)
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entire cohort and the univariate analyses are shown in Table 1. There
was a decrease in the proportion of patients who received radiotherapy
from 2000 to 2007 (P � .001). There was a higher proportion of
patients who elected hospice care in later years, with 51% of patients
electing hospice in the years from 2004 to 2007 compared with 44%
electing hospice care in the earlier period of 2000 to 2003 (P � .001).
Multivariate analysis (Table 2) revealed that, after adjusting for other
characteristics, the likelihood of receiving radiotherapy was signifi-
cantly greater with the following: earlier year of death; lung cancer
cause of death; younger age; male sex; non-Hispanic white, Hispanic,
or other race (versus non-Hispanic black); married status; Charlson
comorbidity index of 0; southern SEER region; urban residence;
neighborhood income level in the highest quartiles; and no receipt of
hospice care.

Days of Treatment Among Those Who Received

Radiotherapy in the Last 30 Days of Life

Table 3 shows the length of the radiation treatment course in days
for patients who received radiotherapy in the last 30 days of life as
categorized by typical palliative treatment course lengths15 for various
characteristics. Of the patients who received radiotherapy, 2,734
(17.8%) received � 10 days of treatment, and more than half (53.7%)
of patients received � 5 days of treatment. Treatment-related charac-
teristics that were significantly associated with a higher proportion of
patients receiving � 10 days of radiotherapy included treatment at a
freestanding radiation facility and absence of hospice care. Multivari-
ate analysis confirmed that these factors remained significant when
adjusting for other characteristics (Table 4) and showed that non-
Hispanic white patients were also more likely to receive � 10 days of
radiotherapy. In this model, we analyzed the influence of sequencing
of hospice and radiotherapy on receipt of � 10 days of radiotherapy.
Of those who enrolled in hospice and received radiotherapy, 97%
completed their radiotherapy before hospice enrollment. Patients
who received hospice care were less likely to receive � 10 days of
radiotherapy, and this was true whether the patient enrolled in hospice
care before or after radiotherapy was completed.

Resource Use and Costs of Care Analyses

The proportion of patients who were admitted to the hospital
during the last 30 days of life was higher among those who received
radiotherapy (71% v 49%, P � .001) compared with those who did
not received radiation therapy, as was the proportion with an intensive
care unit stay (17% v 14%, P � .001). Among those, 32% were
hospitalized before the initiation of radiotherapy, and 68% were hos-

pitalized after radiotherapy began (P � .001). A higher proportion of
patients who received radiotherapy had an emergency room (ER) visit
in the last 30 days of life (55% v 37%, P � .001). Among those, 24%
had their ER visit before the initiation of radiotherapy, and 76%
initiated radiotherapy before any ER visit. The mean length of stay
(LOS) as an inpatient, defined as any date with a claim for ER visit,
hospitalization, or intensive care unit, was longer for patients who
received radiotherapy (7.2 days; 95% CI, 7.1 to 7.4 days) than for those
who did not receive radiotherapy (5.3 days; 95% CI, 5.2 to 5.3 days).
The adjusted mean total costs of care in the last 30 days of life (Table 5)
were higher among those who received radiotherapy and was highest
among the group of patients who received radiotherapy but no hos-
pice care. Notably, among those who received radiotherapy in the last

Table 3. Univariate Analysis of Length of Treatment Course in Last 30 Days of Life (continued)

% With RT Course of Specified Duration

Characteristic No. 1 Day 2-5 Days 6-10 Days � 11 Days P

Type of RT facility
Hospital associated 9,975 9.9 37.6 36.2 16.3 � .001
Freestanding 5,312 8.9 35.2 35.3 20.6

Hospice
No 8,007 8.8 34.0 35.1 22.1 � .001
Yes 7,280 10.3 39.9 36.7 13.1

Abbrevation: RT, radiation therapy.

Table 4. Multivariate Analysis of Receipt of � 10 days of RT in the Last 30
Days of Life

Variable Adjusted OR 95% CI P

Race/ethnicity
Non-Hispanic white 1.22 1.03 to 1.44 .0220
Non-Hispanic black 1.00
Hispanic 1.03 0.78 to 1.36 .8209
Other 1.02 0.78 to 1.34 .8762

Cancer cause of death
Breast 0.82 0.69 to 0.97 .0182
Colorectal 1.43 1.22 to 1.68 � .001
Lung 1.00
Pancreas 1.24 0.97 to 1.57 .0824
Prostate 0.72 0.60 to 0.87 � .001

SEER region
Midwest 1.00
Northeast 0.79 0.69 to 0.91 .0013
South 0.89 0.78 to 1.02 .1032
West/Hawaii 0.98 0.87 to 1.11 .7478

Type of RT facility
Hospital associated 1.00
Free standing 1.31 1.20 to 1.43 � .001

Hospice
No 1.00
Hospice before RT completion 0.40 0.25 to 0.64 � .001
RT completion before hospice 0.53 0.48 to 0.58 � .001

Independent variables were included in a stepwise model with criteria of
P � .05 for significance for entrance into the model. Variables tested but
not significant included year of treatment, age, comorbidity, sex, marital
status, urban/rural residence, income, educational level, and radiation
oncologist density.

Abreviations: OR, odds ratio; RT, radiation therapy.
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month of life, hospice care was associated with a 32% decrease in mean
total cost of care (Table 5), and this decrease was similar whether
patients received radiotherapy before hospice care or after enrollment
in hospice care (Table 6).

DISCUSSION

This investigation offers the first US population–based assessment of
the use of radiotherapy in the end-of-life setting. The proportion of
patients who received radiotherapy in the last 30 days of life overall was
low; however, the receipt of radiotherapy varied by multiple nonclini-
cal factors. We observed that almost one in five of patients who
received radiotherapy in the final 30 days of life spent more than 10 of
those days receiving radiotherapy. The costs of care were significantly
higher for patients who received radiotherapy in the last 30 days of life
compared with those who did not. Election of Medicare’s hospice
benefit was associated with significantly fewer days of radiation treat-

ment and lower costs of care among those who received radiotherapy
in the final month of life.

Our finding of a low proportion of patients receiving radiother-
apy may suggest underutilization of this palliative modality in end-of-
life cancer care. Lutz et al5 found that 3% of patients in hospice care
received radiotherapy. We found a decreasing use of radiotherapy in
the last 30 days of life from 2000 to 2007, which corresponded to an
increasing trend in hospice enrollment. Explanation for variation in
use of radiotherapy by nonclinical variables is beyond the scope of
these data. However, our findings may reflect barriers to access to
palliative radiotherapy among some groups of patients, such as black
patients, who have been shown to have significantly lower rates of
receiving recommended cancer therapies than white patients.26,27

Other investigators have also identified that receipt of palliative radio-
therapy varies by nonclinical factors such as sex, household income,
nursing home residence, and travel time to a treatment facility.28,29

Our finding of geographic variation in radiotherapy use is consistent

Table 5. Cost and Length of Stay for Inpatient Care, Comparison Between RT and No-RT Cohort (N � 202,299)

Cost Difference (ref-covariable)

Model Radiation Hospice Mean

Unadjusted Adjusted�

Difference 95% CI Difference 95% CI

Total cost (CMS pay)† Yes Yes $12,822 �$3,594 �$4,002 to �$3185 $787 $591 to $984
Yes No $18,898 $2,483 $2,092 to $2874 $3,453 $3,176 to $3,730
No Yes $8,333 �$8,082 �$8,239 to �$7,925 �$2675 �$2,811 to �$2,538
No No (Ref.) $16,416

LOS, days‡ Yes Yes 5.03 �3.58 �3.80 to �3.35 �2.49 �2.63 to �2.36
Yes No 9.25 0.65 0.43 to 0.86 0.63 0.47 to 0.80
No Yes 3.00 �5.61 �5.69 to �5.52 �5.06 �5.15 to �4.98
No No (Ref.) 8.61

NOTE. Independent variables included: age at death, sex, ethnicity, SEER region, rural/urban, income, Charlson omorbidity index, radiation oncologist density,
hospice, radiation, cause of death, and interaction of radiation use and hospice. Goodness-of-fit: P � .2985 for cost model and P � .8696 for LOS model.

Abbreviations: CMS, Centers for Medicare & Medicaid Services; LOS, length of stay; Ref., reference; RT, radiation therapy.
�Estimates derived based on extended generalized linear model.25

†CMS reimbursements were adjusted by using 2009 adjusters.
‡LOS includes all emergency room, hospital, and intensive care unit days.

Table 6. Cost Model for Those Receiving Radiation Therapy in the Last 30 Days of Life (N � 15,287)

Treatment sequence Mean Cost

Unadjusted Adjusted

Difference 95% CI Difference 95% CI

RT/hospice sequence
No hospice (Ref.) $18,898
Hospice before RT completion $10,461 �$8,437 �$10,402 to �$6472 �$1,817 �$3,187 to �$447
RT completion before hospice $12,885 �$6,013 �$6,449 to �$5,578 �$2,011 �$2,352 to �$1,671

RT/ER sequence
No ER (Ref.) $12,104
ER visit before RT initiation $23,370 $11,266 $10,606 to $11,925 $2,617 $2,021 to $3,213
RT initiation before ER visit $17,889 $5,784 $5,332 to $6,237 $1,774 $1,292 to $2,255

RT/hospitalization sequence
No hospitalization (Ref.) $5443
Hospitalization before RT initiation $23,721 $18,278 $17,772 to $18,784 $82,678 �$52,268 to $217,624
RT initiation before hospitalization $18,586 $13,143 $12,718 to $13,568 $44,397 �$57,829 to $146,623

NOTE. (1) CMS reimbursements were adjusted by using 2009 adjusters. (2) Estimates was derived on the basis of extended generalized linear model.25 (3) Other
independent variables included: age at death, sex, ethnicity, SEER region, rural/urban, income, Charlson comorbidity index, and radiation oncologist density. (4)
Goodness-of-fit: P � .9314.

Abbreviations: CMS, Centers for Medicare & Medicaid Services; ER, emergency room; Ref., reference; RT, radiation therapy.
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with other studies’ showing that use of radiotherapy in various clinical
scenarios varied with SEER geographic location.26,30

It is beyond the scope of this study to determine whether the
percentage of patients who received � 10 days of radiotherapy treat-
ment is appropriate. Kapadia et al31 also showed that 17% of patients
with lung cancer who received radiotherapy within 14 days of death
received�10 treatments. Gripp et al determined that radiation dosing
schedules resulting in � 10 treatments (2-3 Gy per fraction) for pa-
tients at the end of life represented poorly tailored end-of-life care.6

The American Society for Radiation Oncology (ASTRO) has issued
evidence-based guidelines establishing that treatment courses of one,
five, six, or 10 treatments all provide adequate and equivalent symp-
tom control with minimal toxicity in the palliative setting for bone
metastases, and that more than 10 fractions of radiotherapy unlikely
provide any additional benefit.15 For palliation of brain metastases, a
typical course of palliative whole-brain radiotherapy is [lte] 10 treat-
ments,10 and courses of � 10 treatments have been determined to
offer no greater clinical benefit than shorter courses for palliation of
spinal cord compression among patients with limited life expec-
tancy.16 Similar guidelines for palliation of thoracic lesions support
use of regimens of 10 fractions or fewer for patients with limited life
expectancy.32,33 Quality indicators reflecting these recommended pal-
liative radiation dosing schedules could be derived from these guide-
lines, which would offer metrics for future study of palliative
radiotherapy practice. Future administrative data research efforts
could be aided by incorporation of diagnosis and claims codes that
specifically included codes for anatomic sites of metastases as well as
palliative radiotherapy procedures (eg, whole-brain radiation ther-
apy) in the International Classification of Disease-10 and Common
Procedural Terminology code repertoires. A combination of clear
quality indicator metrics and specific codes for metastatic cancer sites
and palliative procedures would allow clearer tracking of patterns of
care and opportunities for radiation oncology care improvement.

We found that the costs of care for patients who received radiother-
apy at the end of life were higher than for those patients who did not. Any
debate about the costs of radiotherapy at the end of life must include
acknowledgment of the palliative benefits to patients, such as decreased
pain or improved neurologic functioning potentially offered through a
course of conventional short-course radiotherapy. Also, increased costs
could be due to complications of cancer that resulted in hospitalizations
and need for radiotherapy, rather than radiotherapy itself.

Hospice care was associated not only with a decreased use of
radiotherapy, but also with a decrease in the number of radiation
treatment days a patient was likely to undergo. There are few studies
specifically exploring the relationship between hospice participation
and receipt of radiotherapy, but Lutz et al5 did note that the cost of
even a single fraction of radiotherapy outpaces the capitated daily
amount reimbursed by Medicare for patients who elect the hospice
benefit, thus serving as a disincentive to use radiotherapy after hospice
care election.5 Our analysis showing a 32% reduction in costs among
those who received radiotherapy while on hospice care is commensu-
rate with previously noted cost decreases of 25% to 40% associated
with hospice in the last month of life.34

Chief among the inherent limitations of our claims-based study
is that we were unable to obtain information regarding the reason or
intent of radiotherapy (ie, whether the intent was palliative v curative).
However, by restricting the study window to 30 days before death as a
result of cancer, we assumed that the vast majority of patients were

treated with palliative intent, reflecting a similar cohort definition
strategy as that of other researchers who examined chemotherapy use
at the end of life.3 Although it is possible that some patients had disease
and performance status such that they were treated with curative intent
andsubsequentlydiedwhilebeingtreatedaggressivelyfortheircancer, it is
rare for patients to die as a result of or during definitive radiotherapy. In
fact, for some cancers, medically inoperable cases are referred for defini-
tive radiotherapy because of the negligible short-term mortality risks as-
sociated with radiotherapy.35 Thus, the proportion of patients who were
not treated with palliative intent was likely small and of negligible impact
on the results. We are also unable to obtain radiation dose information
nor accurately determine receipt of multiple sequential radiotherapy
courses from these data, thus limiting our ability to interpret the appro-
priateness of the number of days of treatment.

Radiotherapy can provide needed palliation for patients with
advanced cancer. It is possible, on the basis of overall low percentage of
patients who received radiotherapy in the last 30 days of life, that there
is underuse of this modality in end-stage cancer care. However, dosing
regimens that require dying patients to spend a significant proportion
of their final days visiting a radiation therapy suite likely counters the
overall aim of palliative care. Recently published guidelines15 regard-
ing dosing for palliative regimens may facilitate concordance between
the number of radiation treatments patients receive in their final days
and the number they need for effective palliation, and this deserves
further study. The use of hospice significantly influenced use and costs
of radiotherapy in our study. This may be related to the capitated
nature of hospice care reimbursement and its role as a disincentive for
intensive and costly treatments at the end of life. Further research is
needed into quality of care, physician incentives, and costs for radio-
therapy in end-of-life cancer care.
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